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Abstract 
Current study deals with the room temperature conductance of Graphene Sheets as a function of their binding 
energy and lengths. The structural properties of each sheet were calculated after the relax of the structures by 
performing the SIESTA-trunk-462 program. The results showed that the electric conductivity is inversely 
proportional to the theoretical separation of the gold electrode. The increase of the angle C-C-Au effects on the 
electric properties of the Graphene Sheet, the Sheet is became much conductive and effectient electrically at large 
angles. This may refers to that the electron transmission coefficient of the Graphene Sheet depends on the type of 
the contact of the top gold atoms of the pyramids with the anchor atoms in the Sheet. 
 
Introduction  
Graphene is a two-dimensional one-atom thick carbon sheets with a similar benzene-ring structure, has attracted 
tremendous interest among researchers from different fields, due to its outstanding physiochemical properties, 
such as a large specific surface area (2630 m2 g-1) [1], high-speed electron mobility (20000 cm2 Vs) [2], excellent 
thermal conductivities (5000 W m-1 K-1) [3], and well electro catalytic activity [4]. Graphene is an excellent 
conductor, it is not a metal but rather a zero-gap semiconductor. While the valence and conduction bands do not 
overlap in graphene, they touch at the Fermi level [5-7]. Graphene is an atomic monolayer of graphite [8] is a 
gapless semiconductor with linear electron spectrum [9]. In recent years, graphene and its derivatives were used 
to assemble into kinds of carbon-based materials, for instance, one-dimensional tube-in-tube nanostructures[10], 
two-dimensional layer stacked films[11-13] and three-dimensional graphene hydrogels [14-17] and aerogels [18-
22]. 
 
Theoretical Methods and Computational Details 
The electrical conductance of the studied Graphene Sheets was calculated using Density functional theory at local 
density approximation/single zeta LDA/SZ basis sets method. The LDA/SZ has shown to be highly successful for 
calculation the electronic properties such as ionization potentials, electron affinity, fermi energy, electrochemical 
hardness, electronic softness, electronegativity and energy gaps [23-27]. The DFT partitions the electronic energy 
are the electronic kinetic energy, the electron nuclear attraction and the electron-electron repulsion terms, 
respectively. The relax of the structures is done using the SIESTA – trunk - 462 program [28] and the calculations 
were carried out using the  GOLLUM program " version 1.0 " [29]. 
The room temperature electrical conductance G was computed from the formula[30-32 ]: 
Where   is the Fermi function, β=1/kBT,  EF is the Fermi energy and 
   is the quantum of conductance[32 ].  
Since the quantity  is a probability distribution peaked at E=EF, with a width of order kBT, the above expression 
shows that G/G0 is obtained by averaging T(E) over an energy range of order kBT in the vicinity of  E=EF.  
 
Results and Discussion 
Figure(1) shows the structures of the Graphene Sheets GR-1, GR-2 and GR-3 relaxed at the minimum energy. The 
optimized parameters of all studied structures included the bonds between two atoms in A0 and angles in degree 
showed that the values of the bonds C-C, C=C and C-H are (1.451, 1.445 and 1.181) A0, respectively, and C-C=C 
is 1.2210, the optimized parameters are  remain independent of the length of Graphene Sheet and agree with those 
for carbon rings structures[33,34]. This an indication to good relax done by employing LDA/SZ method. The 
calculations of bonds and angles of pure Graphene Sheets referred to that these papers keep their symmetrical 
configurations through the plane of two-dimensions.  
Figure 2 shows the relaxed junctions of the studied Graphene Sheets. The structural features of the relaxed 
junctions are illustrated in Table 1. d is the distance between C-C centers atoms. L is the molecular length, which 
is the center to center distance of the apex atoms of the two opposing gold pyramids in the relaxed structure. X is 
the bond length between the top gold atoms of the pyramids and the anchor atoms. Z is the theoretical electrode 
separation, which defined as Z=dAu-Au-0.25nm, where dAu-Au is the center to center distance of the apex atoms of 
the two opposing gold pyramids in  the relaxed structure, and 0.25nm is the value of  dAu-Au when the conductance 
through the two contacting pyramids (in the absence of a molecule) is G0. Θ◦ is the angle between C-C-Au terminal.  
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Table 2 shows the calculations of the room temperature conductance G/G0, the binding energy B.E and 
the total energy ETotal in eV as functions of the theoretical gold electrode separation Z in nm and the angle Θ◦. The 
calculations are done at EF –EFDFT = 0.5 eV. 
The conductance of the pure Graphene Sheet was increase with decreasing the binding energy of the 
structure, as seen in Figure 4. GR-3 of the lowest binding energy has the largest value of electric conductivity, this 
result is a reflection of the calculated values of total energy ETotal of the Graphene Sheets under study, in which the 
total energy is of order of GR-3˂ GR-2˂ GR-1, as in Figure 5. Figure 6 showed that the electric conductivity is 
inversely proportional to the theoretical separation of the gold electrode, increase this separation leads to decrease 
the electric conductivity of the Graphene Sheet. The reason of this result is that the larger the spacer of contact 
junction will become a resistance factor of quantum transport of electrons through the gold pyramid. The influence 
of the angle C-C-Au in the terminal ends on the electric conductivity calculations of the studied Graphene Sheets 
is shown in Figure 7. The increase of the angle C-C-Au effects on the electrical properties of the Graphene Sheet, 
the Sheet is became much conductive and effectient electrically at large angles. This may refers to that the electron 
transmission coefficient of the Graphene Sheet depends on the type of contact of the top gold atoms of the pyramids 
with the anchor atoms. 
 
Conclusions 
From the results, one can conclude that the calculations of the geometrical parameters of the studied pure Graphene 
Sheets referred to that these Sheets keep their symmetrical configurations through the plane of the two-dimensions. 
The electric conductivity is inversely proportional to the theoretical separation of the gold electrode, increase the 
theoretical separation leads to decrease the electric conductivity of the Graphene Sheet. In addition, the increase 
of the angle C-C-Au effects on the electrical properties of the Graphene Sheet, the Sheet is became much 
conductive and effectient electrically at large angles. So, the electron transmission coefficient of the Graphene 
Sheet depends on the type of contact of the top gold atoms of the pyramids with the anchor atoms in the Sheet. 
 
References  
• M.D. Stoller, S. Park, Y. W. Zhu, J. An and R.S. Ruo , Nano Lett. 8 (2008) 3498. 
• K.S. Novoselov, A.K. Geim and S.V. Morozov , Science 306 (2004) 666. 
• A. A. Balandin, S. Ghosh, W. Bao, I. Calizo, D. Teweldebrhan, F. Miao and C.N. Lau , Nano lett. 8 (2008) 
902. 
• H. He and C. Gao, Sci. China Chem. 54 (2011) 397. 
• B. Pollard, Growing Graphene via Chemical Vapor Deposition, Department of Physics, Pomona College, 
2011. 
• Anthony C. Fischer-Cripps. The materials physics companion. Taylor &Francis, New York, A.C. Fischer-
Cripps.; Includes index, 2008. 
• Ian Frank. Shaping graphene, an alternative approach. Undergraduate thesis, Pomona College Physics, 2008. 
• K.S. Novoselov, A.K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. Dubonos, I.V. Grigorieva, and A.A. 
Firsov, Science 306, 666 (2004); A.K. Geim and K.S. Novoselov, Nature Mat. 6, 183 (2007). 
• P.R. Wallace, Phys. Rev. 71, 622 (1947). 
• C. Riedl, C. Coletti, T. Iwasaki,  A. Zakharov and U. Starke, Journal of Physical Review Letters , Vol.103,  
PP.246804, 2009. 
• D.A. Dikin, S. Stankovich, E.J. Zimney, R.D. Piner, G.H.B. Dommett, G. Evmenenko, S. T. Nguyen and R.S. 
Ruoff , Nature 448 (2007) 457. 
• R. Cooper,  D. Anjou, N. Ghattamaneni, H. Benjamin,  H. Michael,  H. Alexandre, M. Norberto, M. Mathieu, 
V. Leron, E. Whiteway and  Y.  Victor , Journal of International Scholarly Research Notices, Vol.2012, PP.56, 
2012. 
• L. Tang, Y. Wang, Y. Li, H. Feng, J. Lu and J. Li , Adv. Func. Mater. 19 (2009) 2782. 
• Y.X. Xu, K.X. Sheng, C. Li and G.Q. Shi , Acs Nano 4 (2010) 4324. 
• Z. H. Tang, S. L. Shen, J. Zhuang and X. Wang , Angew. Chem. 122,2010. 
• H. Bai, K.X. Sheng, P.F. Zhang, C. Li and G.Q. Shi // J. Mater. Chem. 21(2011) 18653. 
• S.Z. Zu and B.H. Han , J. Phys. Chem. C 113 (2009) 13651. 
• H.P. Cong, X.C. Ren, P. Wang and S.H. Yu , Acs Nano 6 (2012) 2693. 
• X.T. Zhang, Z.Y. Sui, B. Xu, S.F. Yue, Y.J. Luo, W.C. Zhan and B. Liu , J. Mater. Chem. 21 (2011) 6494. 
• J. L. Vickery, J. Patil and S. Mann , Adv. Mater. 21 (2009) 2180. 
• M.A. Worsley, P.J. Pauzauskie, T.Y. Olson, J. Biener, J. H. Satcherand and T.F. Baumann, J. Am. Chem. Soc. 
132 (2010) 14067. 
• M.X. Chen, C.C. Zhang, X.C. Li, L. Zhang, Y. L. Ma, X.Y. Xu, F. L. Xia, W. Wang and J.P. Gao , J. Mater. 
Chem. A 1(2013) 2869. 
• A. A. K. Geim. The rise of graphene. Nature materials, 6(3):183-191, 2007. 
Advances in Physics Theories and Applications                                                                                                  www.iiste.org 
ISSN 2224-719X (Paper) ISSN 2225-0638 (Online) 
Vol.52, 2016         
 
30 
 
• J. S. Bunch, Scott S. Verbridge, Jonathan S. Alden, der Zande van, Jee-vak M. Parpia, Harold G. Craighead, 
and Paul L. McEuen. Impermeable atomic membranes from graphene sheets. Nano Letters, 8(8):2458-2462, 
2008. 
• Keun Soo Kim, Yue Zhao, Houk Jang, Sang Yoon Lee, Jong Min Kim, Kwang S. Kim, Jong-Hyun Ahn, 
Philip Kim, Jae-Young Choi, and Byung Hee Hong. Large-scale pattern growth of graphene _lms for stretch-
able transparent electrodes. Nature, 457(7230):706-710,2009. 
• Christian Schonenberger. Bandstructure of Graphene and Carbon Nan-otubes: An Exercise in Condensed 
Matter Physics. 
• M. Topsakal, S. Cahangirov, and S. Ciraci, Appl. Phys. Lett. 96, 091912 (2010). 
• E. Artacho, J. Gale, A.Garc, J. Junquera, P.Ordej, D. anchez-Portal and J. Soler, "SIESTA-trunk-462", 
Fundaci on General Universidad Aut onoma de Madrid, 2013. 
• J. Ferrer, C. Lambert, V. García-Suarez, S. Bailey, S. Hatef, D. Manrique, "GOLLUM version 1.0", Lancaster 
University, 2014. 
• K. Sadasivam and R. Kumareaan, Journal of Computational and theoretical Chemistry, Vol.963, PP.227, 2011. 
• I. Fleming, "Frontier Orbitals and Organic Chemical Reactions", John Wiley and Sons, New York, 1976. 
• B. Kim, "Mercury–Containing Species and Carbon Dioxide Adsorption Studies on Inorganic Compounds 
Using Density Functional Theory", Ph.D. Thesis, University of Arizona, 2010. 
• Jaafar Tuma Ahmed and Hamid I. Abbood, " B3LYP/DFT Calculations of Donor-πbridge-Acceptor 
Molecular System ", IOSR Journal of Engineering, Vol. 04, Issue. 09, 2014. 
• Ramla Abdulnaby Abdulzahra and Hamid I. Abbood, " Geometry Optimization And Energies of Donor-
bridge-Acceptor Molecular System: B3LYP/DFT Calculations", Journal of Kufa-Physics Vol. 6, No. 1, 2014. 
 
 
                        
          GR-1                                           GR-2                                                 GR-3 
Figure 1. The relaxed molecules. 
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Figure 2. The relaxed junctions 
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Figure 3. The room temperature conductance as a function of the binding energy for the Graphene Sheets at EF-
EFDFT = 0.5 eV.          
 
Figure 4  The room temperature conductance as a function of the total energy for the Graphene  Sheets at EF-
EFDFT = 0.5 eV. 
  
Figure 5 The room temperature conductance as a function of the theoretical electrode separation for the 
Graphene Sheets at EF-EFDFT = 0.5eV. 
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Figure 6. The room temperature conductance as a function of the junction configuration (C-C-Au terminal) for 
the Graphene Sheets at EF-EFDFT = 0.5 eV. 
 
Table 1. The structural features of the relaxed junctions. 
Molecule d 
 nm 
L 
nm 
X 
nm 
Z 
nm 
Θ◦ 
GR-1 3.410 3.898 0.245 3.648 100.5 
GR-2 2.274 2.723 0.245 2.473 108.0 
GR-3 1.531 1.979 0.245 1.729 108.5 
 
Table 2. The room temperature conductance (G/G◦), the binding energy (B.E), the total energy of the system 
(ETotal), the angle between C-C-Au terminal (Θ◦) for the studied Graphene Sheets 
                                 
Molecule  ETotal 
(eV) 
 
B.E 
(eV) 
 G/G◦ 
 
Z 
nm 
 
Θ◦ 
GR-1 -178942.217484 -0.66 2.02×10-8 3.648 100.5 
GR-2 -171476.397430 -0.67 1.56×10-5 2.473 108.0 
GR-3 -185914.164041 -0.69 2.24×10-5 1.729 108.5 
 
